Abstract
Non-technical summary
Following recent concerns about sovereign debt and the absence of a centralised fiscal stabilisation function in the euro area, the discussion about further integration towards a European fiscal union has intensified. Much effort has been made by policy-makers and academics to provide recommendations on how the institutional framework of such a fiscal union could look like. Against this backdrop, experiences from already existing fiscal unions can inform the European debate. In this paper we are particularly interested in how the set-up of a fiscal union translates into borrowing costs borne by lower-tier governments.
With hard budget constraints underpinned by a credible no-bailout regime, market discipline is expected to work: financial markets will punish lower-tier governments with deteriorated fiscal fundamentals by charging higher risk premia. Under soft budget constraints however, the link between fiscal fundamentals and borrowing costs is expected to weaken or break down.
In our analysis we focus on bonds issued by local governments one level below the central government, i.e. the state, provincial, cantonal, Länder or community level, which we refer to as "subsovereigns". Our data include Australian states, Canadian provinces, Swiss cantons, German Länder, US states, Spanish communities, and Indian states. In our baseline specification, we estimate the relationship between the spread of sub-sovereign bond yields relative to yields of bonds issued by the central government and "fundamental variables", i.e. our proxies for expected default risk, including sub-sovereign debt/GDP, fiscal deficit/GDP, and real GDP growth as well as international risk aversion. We also control for the liquidity of sub-sovereign bond markets. We obtain pooled estimates from a dynamic panel data regression model using the system GMM estimator, which allows us to account for endogeneity between spreads and fundamentals. Federation-specific results are obtained from a constrained, static fixed effects estimation to deal with reduced sample sizes.
We find that across federations, the debt/GDP ratio is a significant determinant of spreads, regardless of the prevailing federal system. International risk aversion is also found to significantly increase subsovereign spreads across federations while the magnitude of the effect depends on the openness of the sub-sovereign bond market. The deficit/GDP ratio, regional GDP growth and bond market liquidity are less significant drivers.
In order to assess in more detail how differences in bailout expectations within federations affect the pricing of sub-sovereign bonds, we control for relative economic size and borrowing conditions faced by the central government. We use these indirect measures instead of direct data on fiscal transfers and fiscal equalisation funds because assistance provided to sub-sovereign governments can take a myriad of forms. Bailout payments may be made explicitly, or implicit bailouts may occur through transfers ECB Working Paper 1987, December 2016
Introduction
Following recent concerns about sovereign debt and the absence of a centralised fiscal stabilisation function in the euro area, the discussion about further integration towards a European fiscal union has intensified. Much effort has been made by policy-makers and academics to provide recommendations on how the institutional framework of such a fiscal union could look like. Against this backdrop, experiences from already existing fiscal unions can inform the European debate, even though the current and future institutional design of the Economic and Monetary Union and member country characteristics may differ from existing federal states.
In this paper, we are interested in how the set-up of a fiscal union translates into borrowing costs borne by lower-tier governments. This empirical question is motivated by the theory of fiscal federalism (Rodden et al., 2003; Oates, 2005 Oates, , 2008 . The relationship between the central government and the lower-tier government in a fiscal union can be illustrated as a principal-agent problem. Fiscal responsibility is delegated from the centre to regional or local governments, which in many existing federations can issue their own debt. The institutional framework may be such that the centre can credibly commit not to provide bailouts to lower-tier governments unable to service their debt. In this case, the budget constraint of the lower-tier government is binding ("hard"). Examples include state governments in the United States, provinces in Canada and cantons in Switzerland, where the nobailout principle is enshrined in the institutional set-up and, in the case of Canada and the United States, has been upheld in practice in concrete historical cases. On the other hand, if the institutional set-up is such that the promise of no-bailout is not credible, lower-tier governments face so-called "soft" budget constraints. A moral hazard situation arises in which lower-tier governments have incentives to run excessive deficits in expectation of a bailout or of large transfers from fiscal equalisation schemes, as it occurred for instance in Germany.
With hard budget constraints underpinned by a credible no-bailout regime, market discipline is expected to work: financial markets will punish lower-tier governments with deteriorated fiscal fundamentals by charging higher risk premia. Under soft budget constraints however, the link between fiscal fundamentals and borrowing costs is expected to weaken or break down. The empirical literature on the euro area (Codogno et al., 2003; Attinasi et al., 2009; Bernoth and Erdogan, 2012) and comparisons across fiscal federations (Schuknecht et al., 2009; Sola and Palomba, 2015) have shown that, if bailouts are explicitly provided or implicitly anticipated through transfers and fiscal equalisation, government bond yield spreads deviate from fundamentals. On the other hand, if the nobailout regime is credible, market discipline prevails and sub-sovereign issuers pay higher risk premia as their fundamentals deteriorate.
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We study borrowing costs in fiscal unions by examining the functioning of existing federal states. In our analysis we focus on bonds issued by local governments one level below the central government, i.e. the state, provincial, cantonal, Länder or community level, which we refer to as "sub-sovereigns".
We add to the existing literature by analysing the effect of bailout expectations on sub-sovereign bond yield spreads in two dimensions: across federal systems and within federations.
Different institutional frameworks across fiscal federations are reflected in the degree to which market discipline works. In particular, the previous empirical literature has somewhat overlooked the fact that budget constraints may be "softer" for some entities than for others within a federation. Wildasin (2004) , for instance, provides a theory according to which some sub-sovereigns may be too important to default because they produce positive externalities for the whole federation, i.e. they may be "too big to fail". Alternatively, sub-sovereigns may be "too small to fail" (Eyraud and Moreno Badia, 2013) : bailout expectations prevail if sub-sovereign borrowing needs are small relative to the capacity of the centre to provide assistance. However, even if the central government is willing to provide a bailout, it may be constrained to do so. Jenkner and Lu (2014) provide evidence for a risk transfer from the sub-sovereign level to the centre. When a sub-sovereign bailout is expected, the credit risk of the centre rises. This, in turn, means that bailing out larger entities may exceed the bailout capacity of the centre ("too big to be rescued"). Likewise, if the centre itself faces borrowing constraints in a crisis, it may not be able to provide the expected bailout. We therefore analyse to what extent the expectation of a federal bailout may break the link between sub-sovereigns' risk premia and fundamentals. Moreover, we investigate whether constraints in the capacity of the centre to provide bailouts can reintroduce this link.
To test our hypotheses, we make use of the fact that borrowing by sub-sovereigns, in relation to borrowing by the central government, contributes considerably to general government debt and deficit ratios relative to GDP in existing and evolving federal states. For example, the World Bank estimates that global annual borrowing of sub-sovereign governments in bond markets (including lower-level governments like municipalities) reached levels above US dollar 700 billion in 2009 (Canuto and Liu, 2010) . More than half of this amount originates in the United States while German, Japanese, Canadian and Spanish sub-sovereign borrowers are responsible for most of the remaining issuances.
We construct a novel panel dataset with sub-sovereign bond yield spreads and data on respective subsovereign fiscal deficits, debt levels and growth performance for the period 1999 to 2012, covering Australia, Canada, Switzerland, Germany, and the United States of America, as well as Spain and India as countries with evolving federal systems.
In our baseline specification, we estimate the relationship between the spread of sub-sovereign bond yields relative to yields of bonds issued by the central government and "fundamental variables". These are our proxies for expected default risk and include sub-sovereign debt/GDP, fiscal deficit/GDP, and real GDP growth as well as international risk aversion. We obtain pooled estimates from a dynamic panel data regression model using the system GMM estimator which allows us to account for endogeneity between spreads and fundamentals. Federation-specific results are obtained from a constrained, static fixed effects estimation to deal with reduced sample sizes. We find that across federations, the debt/GDP ratio is a significant determinant of spreads regardless of the prevailing federal system. International risk aversion is also found to significantly increase sub-sovereign spreads across federations while the magnitude of this effect depends on the openness of the sub-sovereign bond market. The deficit/GDP ratio and regional GDP growth are less significant drivers. This may owe to the fact that the underlying data are less timely available or not fully comparable across federations. We also find evidence for a statistically significant, negative risk premium for subsovereign bonds that are more liquid, which we interpret as a control factor in our regressions.
In order to assess in more detail how differences in bailout expectations within federations affect the pricing of sub-sovereign bonds, we control for the relative economic size of the sub-sovereign and the borrowing conditions faced by the central government. We use these indirect measures instead of direct data on fiscal transfers or fiscal equalisation because assistance provided to sub-sovereign governments can take a myriad of forms. Bailout payments may be made explicitly, or implicit bailouts may occur through transfers from the centre or across sub-sovereigns. On aggregate, we find that if sub-sovereign debt or deficit levels lie above the federation median, the positive link between fundamentals and spreads breaks down. We take this as evidence that markets may perceive a bailout of sub-sovereign governments with particularly deteriorated fundamentals as more likely. We also find that sub-sovereigns that are large in terms of relative economic size pay higher risk premia, a fact that we attribute to the market's perception that the bailout capacity of the federation is limited and may be exhausted as the size of the rescue becomes too large ("too big to be rescued"). In addition, subsovereigns whose central government faces borrowing constraints also pay higher risk premia.
This paper is organised as follows. The next section reviews the relevant empirical literature on the determinants of sovereign and sub-sovereign bond yield spreads. In addition, it provides an overview of the fiscal frameworks prevailing in the countries that are the focus of this study. Section 3 explains how the dataset is constructed and presents salient data features. Section 4 sets out the econometric strategy. Section 5 reports the main results and some robustness checks. Section 6 concludes.
Related literature
A large amount of empirical work studies the determinants of government bond yield spreads from a cross-country perspective. In particular, the pricing of sovereign debt in euro area countries has attracted a lot of attention. In this context, it is important to note that the institutional set-up of the euro ECB Working Paper 1987, December 2016area can to some extent be linked to that of a federally structured country where a certain degree of coordination of economic policies among member states, including in the fiscal domain, is achieved through common rules enforced by means of peer review. In the absence of a substantial federal budget and of sizeable fiscal transfers among member states, and with the no-bailout clause explicitly enshrined in the Treaty regulating the functioning of the Economic and Monetary Union (EMU), the euro area experience itself could be seen as an example of a fiscal union with a hard budget constraint.
In practice, however, following the adoption of the euro and before the financial crisis, financial markets by and large refrained from pricing in large differences in sovereign risk between EMU members. This narrative for the pre-crisis period is most plausible for the case of Greece whereas it might be less evident in the case of Spain and Ireland where standard fiscal fundamentals looked sound before the crisis. Overall, the pre-crisis experience in the euro area has been interpreted by many observers as an indication that markets perceived the no-bailout clause to be not credible. The
Lehman collapse in 2008 and the subsequent sovereign debt crisis triggered a reinforcement of market discipline as countries with weaker fiscal positions experienced soaring yield spreads (Schuknecht et al., 2011; Bernoth and Erdogan, 2012 programme has contributed to a narrowing of the dispersion of bond yield spreads in the euro area.
Despite these large changes in market expectations about bailouts in the euro area, pre-and post-crisis studies on euro area bond spreads find that both fiscal fundamentals associated with default risk and global risk aversion are, at least at the margin, drivers of euro area bond spreads. Most prominently, the debt/GDP ratio and the deficit/GDP ratio have been identified as the default risk-related variables that most significantly increase spreads (Codogno et al., 2003; Attinasi et al., 2009; Schuknecht et al., 2011; Bernoth and Erdogan, 2012) . Moreover, the liquidity of bond markets has been found to have a negative but rather limited effect on yield spreads (Gómez-Puig, 2006) . At the same time, proxies for international investors' risk appetite have consistently been shown to have the largest effect on sovereign bond yield spreads in the euro area, both in statistical and in economic terms (Manganelli and Wolswijk, 2009; Sgherri and Zoli, 2009; Favero et al., 2010) .
That financial markets take account of fiscal fundamentals when they price sovereign credit risk has been confirmed by studies with a global focus. Edwards (1984) and Beirne and Fratzscher (2013) debt and deficit ratios. Dell'Erba et al. (2013) show that the correlation between bond yield spreads and debt levels is larger in emerging economies with mostly foreign-currency debt and in EMU members compared to advanced economies where most debt is denominated in local currency. Like issuers of foreign-currency debt, EMU members and sub-sovereign governments cannot decide unilaterally to reduce the real value of their debt obligations through inflation, which should be expected to reinforce the correlation between debt levels and spreads.
Only a small number of studies has looked into the determinants of sub-sovereign bond yield spreads.
In line with the works on EMU members, they agree on a common global factor to be the most important driver of these spreads. The vast majority of these studies has been conducted for major federal states individually, which renders cross-federation comparisons difficult. A significant exception is Sola and Palomba (2015) , which is fairly close to our study in terms of geographical coverage and empirical approach. Using secondary market data, they study sub-sovereign risk premia for a panel composed of the US, Canada, Australia and Germany. They find that fiscal fundamentals like debt and deficit are priced into risk premia but their weight varies across federal systems. If bailout guarantees exist, the relationship between fundamentals and spreads breaks down as market discipline fails. The authors use the transfer dependency of a sub-sovereign government from the central government, defined as the ratio of vertical transfers in sub-sovereign revenue, to approximate bailout guarantees. In a related cross-federation comparison, Schuknecht et al. (2009) show that Canadian provinces and German states pay lower spreads if they benefit from fiscal equalisation schemes, which are also approximated using data on fiscal transfers. However, bailouts provided to sub-sovereign governments can take a number of forms other than direct transfers. For instance, oneoff bailout payments may be provided explicitly, or horizontal fiscal equalisation across sub-sovereign governments and revenue sharing between sub-sovereign governments and the central government may reflect implicit bailout guarantees (Rodden et al., 2003) . In this sense, there could be a benefit from moving to more indirect measures of federal bailout guarantees, such as the relative economic size of the sub-sovereign, which is what we do in this study.
Our study is also related to work on spreads for bonds issued by the lowest government level, i.e.
municipalities. Despite the existence of stronger bailout expectations compared to state and central governments, analyses of selected US municipality bonds by Hastie (1972) and Capeci (1994) show that fundamentals related to default risk increase spreads also for this class of government bonds, alongside the relative illiquidity of the local government bond market and bond-specific characteristics.
Turning to the forms of fiscal federalism, it is useful to start with a characterisation of the federations included in our sample (Australia, Canada, Germany, India, Spain and Switzerland countries, which as a result show a low share of expenditure and debt relative to the federal level. Bayoumi et al. (1995) , Poterba and Rueben (1999, 2001) as well as Johnson and Kriz (2005) show that bond spreads of US state governments significantly reflect differences in fiscal fundamentals and find that spreads are lower in states with stricter, self-imposed fiscal rules. Feld et al. (2013) provide similar evidence for Swiss cantons.
Vertical fiscal transfers guarantee fiscal flexibility of Canadian provinces and Australian states.
Despite strong fiscal equalisation and coordinated borrowing, Lemmen (1999) finds that higher subsovereign yields reflect higher debt levels in Australian states but are also significantly correlated with measures of international risk appetite. Although Canadian provinces enjoy higher borrowing autonomy than Australian state governments, findings on whether spreads on their debt securities carry fundamentals-based default premia are ambiguous. While Booth et al. (2007) find support for this hypothesis, research by Landon and Smith (2007) and Galvani and Behnamian (2009) rejects it.
Using credit rating data, Landon and Smith (2000) find evidence of a transfer of credit risk from the central level to particularly vulnerable, i.e. indebted provinces, despite no-bailout provisions; Joffe revenue. In addition, a system of horizontal fiscal equalisation ensures up to 95 percent of transfer recipients' financial needs while a minority of Länder is left contributing. Hence, yield spreads show little variation and are found to carry either limited (Lemmen, 1999; Heppke-Falk and Wolff, 2007; Schuknecht et al., 2009; Hong et al., 2012) or no fundamentals-based default risk premia (Schulz and Wolff, 2009) . Only since the financial crisis of 2008, the debt-to-GDP ratio has become a significant spread determinant, alongside risk aversion and liquidity (Zipfel and Zimmer, 2013) . In addition,
Heppke-Falk and Wolff (2007) In India, fiscal federalism is still in the making. Fiscal surveillance of sub-sovereign governments is based on fiscal rules and market discipline, but it is still weak. The relationship between expenditure and revenue is disproportionate as states have major spending responsibilities while revenue is mainly raised by the centre. At the same time, sub-sovereign borrowing is constrained to domestic issuances.
Nevertheless, the market for state debt securities ("state development loans") has gradually been liberalised since 2006. Yet market discipline remains weak as spreads are uncorrelated with fiscal fundamentals while transfers from the centre are associated with lower spreads (Bose et al., 2011) .
Dataset
We use a novel panel dataset which comprises annual sub-sovereign bond spreads and key fiscal and economic indicators (fiscal deficit/GDP, debt/GDP, real GDP growth) for 7 Australian states, 10
Canadian provinces, 16 Swiss cantons, 13 German Länder, 11 Spanish communities, 20 Indian states, and 19 US states (see Table A1 in the Appendix for the list of sub-sovereigns used in the analysis). In all these federally organised countries, the sub-sovereign layer accounts for a substantial part of the overall debt and borrowing of the general government (see Table A2 in the Appendix). Depending on the country, total sub-sovereign debt accounts for between 11 and 47 percent of federal GDP,
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corresponding to at least a quarter of central government debt. In Canada, total sub-sovereign debt even exceeds the size of central government debt. Given its time span from 1999 to 2012, our unbalanced panel dataset covers a period that is marked by an increasing securitisation of debt at the sub-sovereign level as well as the recent global financial and European sovereign debt crisis.
Sub-sovereign bond yield spreads
We compute sub-sovereign yield spreads by subtracting federal benchmark yields from yields-tomaturity of bonds issued by sub-sovereign governments. We use secondary market yields as opposed to yields at issue and we only include sub-sovereigns for which sufficient bond yield observations are available. Using secondary market yields ensures that our results are free from sample selection biases, which could be present if sub-sovereigns stop borrowing on bond markets as their fiscal fundamentals deteriorate. Bonds of such sub-sovereigns would still be traded in secondary markets and increases in default risk would be reflected in yields, while yields at issue would become unobservable. 1 In line with the literature, bonds of a total duration of 10 years are chosen. As benchmark, we consider comparable federal government bonds in terms of duration, date of issuance and maturity, and coupon payment structure. Finally, we use data from the last trading day of each year.
For Australia, Canada, Switzerland, Germany, and Spain -countries with relatively liquid subsovereign bond markets -data were sourced from Bloomberg. For every sub-sovereign issuer we compute a single time series of yield spreads by chaining together segments of spreads of most liquid sub-sovereign bonds relative to the respective federal benchmarks. By doing so, we deliberately exclude bonds with low liquidity from our analysis. 2 As bond yields may nevertheless carry liquidityrelated premia, we control for sub-sovereign bond market liquidity separately. Chain segments decline in years left to maturity over time, starting from between 5 to 10 years left. We control for remaining maturities in our empirical analysis in order to rule out potential biases stemming from differences in the term structure between the central and sub-sovereign level.
For the United States, most general obligation bonds of US states are not actively traded, thus yields are not publicly available. We therefore rely on "fair value" yield indices from Bloomberg. For 19 states, these indices provide an average yield for a basket of representative state general obligation bonds and bonds issued by state agencies, institutions, and municipalities. Spreads are computed relative to benchmark indices which, for each state, aggregate yields of AAA-rated subsamples of these bond baskets. Finally, yield spreads of Indian "state development loans" are directly sourced from the Clearing Corporation of India.
We arrive at 1,018 annual spread observations from 96 sub-sovereign entities. Average spreads are of moderate magnitude and lie between around 20 and 80 basis points (Table 1) . Swiss and US subsovereigns enjoy lower spreads on average, whereas the Spanish average of 77 basis points is higher due to the recent debt crisis. In comparison, average sovereign spreads in the euro area relative to
German Bunds stood at 108 basis points over the same period, according to Bloomberg data. Notes: $ federation used as group identifier; § null hypothesis of ANOVA test: "the between-group variation equals the within-group variation", where 'groups' are sub-sovereigns (or federations if federation is the group identifier)
The multi-level nature of the panel allows us to exploit variation along three dimensions: across federations to learn about the effects of different fiscal frameworks, across individual entities within federations, and over time. Figure A1 in the Appendix illustrates graphically the variation of subsovereign spreads over time by federation. While spreads appear to be correlated within federations, across sub-sovereigns the intraclass correlation of spread observations is low, which suggests that most variation is observed along the time dimension (Table 1) . Only for the United States the withincorrelation coefficient takes on a moderate value of 0.292. To gain further insights into the variation across sub-sovereigns within federations, we conduct analysis of variance (ANOVA) tests for sets of ECB Working Paper 1987, December 2016spread series individually across federations. The hypothesis of "no significant difference between the variance across relative to the variance within sub-sovereigns" can only be rejected at the 1 percent significance level for the United States. This confirms that in all the other federations, the majority of variation in spreads takes place along the time dimension rather than across sub-sovereign boundaries.
In other words, there is strong co-movement of spreads over time.
Fiscal and economic indicators for sub-sovereigns
In line with the previous literature, we consider the debt/GDP and the deficit/GDP ratio as the main fiscal determinants of sub-sovereign yield spreads. Sub-sovereign data are collected from a wide range of national sources (Table 2 ). Since we face a considerable variation in definitions and accounting methods across federations, we choose measures that maximise comparability.
Annual sub-sovereign gross domestic product is reported in current prices in local currencies and is regularly estimated by national statistics institutes for all federations other than Switzerland, where we use estimates for 2000, 2005, and 2008 to 2010 and interpolate.
Debt refers to gross debt accumulated by the sub-sovereign government and is also reported in local currency. For Canadian provinces, the amount of bonds outstanding at the end of each year serves as an approximation of total provincial debt outstanding. With most sub-sovereign debt being securitised in Canada, this measure is more similar to gross debt than officially reported net debt data. Since US sub-sovereign spreads are based on both state and municipality debt issuances, the aggregate of total state and local debt is used to compute the sub-sovereign debt/GDP ratio. As shown in Table 2 , median debt ratios are highest for Indian states and German Länder and lowest for Australian states and Spanish communities.
We define the sub-sovereign fiscal deficit as the amount by which annual expenditure exceeds revenue. Our deficit variable includes net transfer revenue from the federal level or fiscal equalisation schemes. Post-transfer deficit ratios determine sub-sovereign fiscal capacity and ultimately credit risk.
In addition, using deficit data that include transfers renders this variable better comparable across fiscal federations given that federal and intergovernmental transfers can take a large variety of forms.
Note that according to median deficit ratios, sub-sovereign governments in Australia, Canada, Germany and Spain have been in deficit for most of the sample period (Table 2 ). In the other federations, median budgets have been in surplus which results in a negative sign of the overall deficit measure.
Finally, we consider real GDP growth as additional explanatory variable which we compute using subsovereign GDP estimates and the federation-wide GDP deflator provided by the IMF. bond yield spreads in some countries. Figure 1 appears to confirm this interpretation visually. In line with the existing literature, we include the VIX as a common explanatory factor in our estimations. Moreover, as the relative size of the sub-sovereign debt market varies substantially within federations (see Table A3 in the Appendix, in particular Australia and Canada), we conjecture that bond liquidity may play a role, as investors may demand a liquidity premium to hold sub-sovereign bonds that are less liquid. In our estimations, we explicitly control for sub-sovereign bond market liquidity using the stock of sub-sovereign debt relative to aggregate debt per federation as proxy. 
Global risk aversion and bond liquidity

Methodology
The model
To obtain estimates for a pool of countries (whole sample), we work with a dynamic regression model that assumes a linear 4 relationship between risk premia, their lag, the determinants of default risk, and controls:
where ( − * ) is the spread between the yield on a sub-sovereign government bond of subsovereign in federation and year relative to the central government bond yield, which we employ as benchmark. � −1 − −1 � is the first annual lag of this spread to allow for persistence in spreads over time.
contains the macroeconomic and fiscal fundamentals debt/GDP, deficit/GDP and real GDP growth. 5 We expect the debt level and deficit to be positively related to spreads, and the GDP growth rate to be negatively related. captures international risk aversion which is expected to affect spreads positively. In order to control more generally for common factors, we also consider a specification with year dummies instead of the VIX. contains as technical control the time left to maturity of the bond in years. It further includes relative debt market size as proxy for bond market liquidity which is expected to affect spreads negatively if investors charge liquidity premia for relatively less liquid sub-sovereign bond issuances. The unobserved factor shifts the intercept at the sub-sovereign level and can be interpreted as time-invariant influence of institutions, geography, borrowing history, etc. on sub-sovereign spreads. Inherently, this sub-sovereign-fixed effect captures time-invariant federation-specific influences on sub-sovereign spreads in a pooled analysis across subsovereigns from different federations.
Testing for market's expectation of a federal bailout and the capacity to bail out
In order to test our hypotheses about the market's expectation of a federal bailout and the capacity of the federal government to bail out sub-sovereign entities and how these factors impact on the pricing of sub-sovereign fundamentals, we augment our baseline specification as follows. First, we add a measure of relative economic size to our empirical framework. This is computed as the share of subsovereign GDP in federation-wide GDP. A positive coefficient estimate for this measure would support the hypothesis of "too big to be rescued": all else equal, larger sub-sovereigns would pay higher premia. A negative coefficient would support the counterhypothesis of "too big to fail".
Second, we allow for non-linear effects of default risk determinants by adding the squared term of a given default risk determinant to the specification. A significantly negative coefficient on 2 would suggest that the relationship between the default risk determinant and spreads is concave and that the positive link between default risk and spreads changes sign as the default risk rises beyond the inflexion point. Third, we further assess the sources of non-linearities between default risk determinants and spreads within federations in a threshold model specification, whereby the level of a given default risk determinant is considered to be severely deteriorated, or "high", if it lies above the federation-specific threshold of . For simplicity, we set this threshold to the federation-specific median of over time. 6 In practice, we construct a dummy variable that takes the value of one, if (2015) we use fiscal and economic variables in levels, not deviations from a common benchmark, such as within-federation averages of these variables. The latter would result in losing a significant amount of information given differences in definitions and accounting methods across countries. We experimented with deviations relative to within-federation averages at each point in time weighted by sub-sovereign size but found that the remaining variation contained only little information. 6 Sola and Palomba (2015) report results from similar specifications, i.e. including squared terms and median thresholds. They find that the relationship between debt/GDP and sub-sovereign spreads is concave but that both below-and above-median debt levels have a positive effect on spreads.
lies above the federation-specific median. This dummy is then interacted with . If the interaction between the dummy and the variable x exhibits a negative sign, while the coefficient of x remains positive, we would conclude the following: under a soft budget constraint regime, market discipline binds for sub-sovereigns with strong fundamentals but breaks down if their fundamentals deteriorate.
In this case, a deterioration in fundamentals renders potential no-bailout commitments by the centre as not credible.
We also consider a triple interaction between default risk determinants , our dummy variable capturing threshold effects and our measure of relative economic size. A positive coefficient on this interaction term along with a positive coefficient for and a negative coefficient for the interaction term *dummy could be interpreted as follows: for sub-sovereigns that are relatively large, the centre, although in principle expected to provide a bailout to sub-sovereigns with deteriorated fundamentals, may not be capable to provide financial assistance due to the size of the respective sub-sovereign.
In order to assess in more detail the role of the centre's bailout capacity, we consider an additional specification in which we control for federal borrowing conditions. As a first proxy for bailout capacity, we use sovereign debt credit ratings. Ratings are linearised and averaged across the three main credit rating agencies Fitch, Moody's and Standard & Poor's. A rating-based sovereign risk measure is then constructed as the negative, linearised average rating. This measure is comparable across federations: low average ratings are a sign for borrowing constraints faced by the centre. In addition, we consider the debt/GDP and deficit/GDP ratio of the central government as proxies for sovereign risk that inhibits the bailout capacity of the centre. In order to avoid collinearity with subsovereign debt and deficit ratios, we compute central government debt and deficit ratios relative to year-specific cross-federation averages. Like before, we interact our measure of federal sovereign risk with our fiscal indicators for sub-sovereigns. Given that retains a positive effect on the subsovereign bond spread, a positive coefficient on the interaction between and federal sovereign risk can be interpreted as follows: financial markets punish weak fundamentals more if the centre is constrained in its borrowing. As before, we would conclude that capacity constraints of the centre decrease the likelihood that it will provide bailouts to sub-sovereign governments in financial needs.
Sources of endogeneity
There are two potential sources of endogeneity arising in our empirical model. A first, standard problem in dynamic panel data models stems from the presence of time-invariant sub-sovereign specific effects in our equation. Due to their correlation with the error term caused by the dynamic structure, OLS fixed effects estimates are inconsistent unless the time dimension is very large. We therefore estimate our equation with dynamic panel data estimators difference GMM (Arellano and Bond, 1991) and system GMM (Arellano and Bover, 1995 (difference GMM) or lagged levels and lagged differences (system GMM) of the dependent variable as internal instruments which solves the endogeneity problem caused by sub-sovereign specific effects. Difference GMM can suffer from the problem of weak instruments if the variables in the model are highly persistent, like spreads and fundamentals in some of our subsamples. Under the assumption that differences of instrument variables are uncorrelated with sub-sovereign specific effects, system GMM improves upon difference GMM. Because of its complexity, the GMM estimator relies on a sufficiently large cross-sectional dimension. This requirement is not met if we want to conduct estimations separately for every federation. In that case, therefore, we abstract from dynamics and estimate a static version of our regression model, i.e. we set = 0 in the model equation. We then use the fixed effects estimator and keep the sub-sovereign specific effects in our specification.
Our dynamic panel framework for sub-sovereign spreads allows us to address a second endogeneity problem that generally causes concerns in the empirical literature on bond yield spreads: fundamental factors associated with an issuer's creditworthiness can be affected by spreads (reverse causality), or are simultaneously determined with spreads (e.g. Chen et al., 2007, JF; Bhojraj and Sengupta, 2003) .
Governments may adjust their fiscal policies as spreads increase. The error term will then be correlated with regressors in which is why OLS estimates of would be biased and inconsistent.
We deal with this second source of endogeneity in two ways. First, we use lagged differences of debt/GDP, deficit/GDP, and real GDP growth as additional internal instruments in our system GMM estimation. Second, we work with an external instrument. In a standard set-up with sovereign spreads as dependent variable, the level of aggregation makes the identification of suitable instruments difficult. In our set-up, variables for the federal level can serve as instruments for sub-sovereign variables. 7 Given that we address bailout expectations indirectly, we use the federation-wide growth rate of GDP as instrument for sub-sovereign GDP growth and fiscal policy. Federation-wide GDP growth is correlated with sub-sovereign growth rates (and through these indirectly with debt and deficit ratios) as higher overall growth creates spillovers in investment and consumption. It is sufficiently uncorrelated with sub-sovereign spreads however given that sub-sovereign entities in our sample contribute at most 40 percent to federation-wide GDP. Table 3 reports results from our baseline specification. The pooled results tell us how on aggregate sub-sovereign risk premia are determined. We provide results from static fixed effects (column I) and fixed effects-instrumental variable estimations (II, III), difference GMM (IV), system GMM (V), system GMM allowing for endogenous regressors (VI), and system GMM controlling for a common factor by the means of year dummies instead of the VIX (VII). Notes: Clustered standard errors/ Windmeijer-corrected robust standard errors are given in parentheses. Significance levels are given as follows: *** p<0.01, ** p<0.05, * p<0.1. The federal growth rate is used as external instrument in columns II-VII. Internal instruments are derived from debt/GDP, deficit/GDP, GDP growth in columns V and VI. $ null: instrument is weak (columns II and III). €: null: over-identifying restrictions are valid (columns IV to VII).
Results
Baseline results
We find that dynamic specifications, on aggregate, fit the data better (higher pseudo R-squared), and that the coefficient on the lagged dependent variable is of substantial size and highly statistically significant in all the dynamic specifications. Turning to the determinants, the debt/GDP ratio is found to be a significant driver of sub-sovereign bond yield spreads in all the regression models and estimators. To give a sense of the magnitude of the effect, a 10 percentage point increase in the debt ratio compared to the sample average results in a spread increase of more than 10 basis points in all baseline specifications. Likewise, the deficit/GDP is a statistically significant driver. Sub-sovereigns where the deficit rises 1 percentage point above the sample average see their risk premia increase by between 3.5 and 6 basis points depending on the model specification. The coefficient estimate for real GDP growth is statistically significant and shows the expected negative sign in the static set-up (columns I and II), difference GMM (IV), and if time dummies are included (VII). However, estimates of the coefficient for GDP growth in columns III, V and VI are statistically insignificant, possibly reflecting measurement error and lags in the availability of GDP data. 8 Taken together, these results suggest that market discipline binds for the pricing of sub-sovereign government bonds as fundamentals tend to be broadly priced into risk premia.
Turning to common factors, the VIX is another significant driver, entering all model specifications with the expected sign. This confirms earlier findings and suggests that markets for sub-sovereign
bonds are sufficiently open for international risk aversion to significantly affect yield spreads.
Moreover, the VIX seems to capture most of the common variation in sub-sovereign spreads across countries as year dummies do not improve results significantly (comparing columns II and III, and VI and VII in Table 3 ).
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Time left to maturity appears to be insignificant on aggregate but it is kept as control. Our proxy for bond liquidity shows the expected negative sign in some estimations, which suggests that liquidity premia do play a role in the pricing of sub-sovereign spreads albeit not an important one. In what follows, estimates in column VI (i.e. system GMM estimates allowing for endogenous regressors) will serve as baseline.
Heterogeneity across federations: institutional differences and bailout expectations
In a next step, we estimate separate models for each federation in order to study how institutional differences across fiscal federations are reflected in the determinants of sub-sovereign spreads. Table 4 reports results from a fixed effects estimation of the static version of our model. 10 As for the baseline 8 Real GDP growth seems to negatively affect spreads only with a one-year lag, i.e. as estimates become available. This can be inferred from Table A4 in the Appendix, which reports estimates from a model specification with a richer dynamic structure. These estimates show that debt/GDP has a contemporaneous effect on spreads, while deficit/GDP affects spreads with a one-year lag. The effect of GDP growth seems to be positive initially and shows the expected negative sign with a lag, likely as a result of the delay in the publication of sub-sovereign GDP estimates. 9 We experimented with realised stock market volatility as an alternative, local measure of risk aversion but failed to find similarly significant results. 10 Results from a fixed effects-IV estimation using the federation-wide growth rate as instrument largely resemble results in Table 4 (Table A5 in the Appendix). Only for Australia and India the federation-wide growth rate seems to be an invalid instrument as coefficients on fundamentals turn insignificant which is confirmed by an F-test for weak instruments.
results, the debt/GDP ratio is found to be an important positive driver of spreads in all fiscal federations apart from Australia. The coefficient on debt/GDP is statistically different from zero in all these federations. Only its economic significance varies: Canadian provinces see their spreads increase by marginally more than 1 basis point when the debt/GDP ratio rises by 1 percentage point. On the other hand, markets punish Spanish communities with a 27 basis points increase in spreads if the debt/GDP ratio increases by 1 percentage point above the sample average. The significance of the debt/GDP ratio may result from the fact that underlying data are more transparent and more widely available than data on other fundamentals. Despite large institutional differences, financial markets punish sub-sovereigns with high debt/GDP ratios and do not distinguish substantially across different fiscal federations. We conclude that even in federations where sub-sovereign bailouts can be expected, like Germany, Spain or India, debt plays a significant role in the pricing of risk premia.
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Results for the deficit/GDP ratio are more mixed. We find a statistically significant and positive relationship between the deficit and spreads for the United States and Australia, where this variable seems to take the place of debt/GDP. In Germany and Spain, sub-sovereigns with higher deficit/GDP ratios experience lower spreads which could be related to bailout expectations. Real GDP growth appears to be only a statistically significant determinant of sub-sovereign spreads in Switzerland. As expected, higher growth reduces risk premia for Swiss cantons.
The coefficient on international risk aversion is significant throughout our regressions and of comparable size for Australia, Canada, Switzerland, Germany and Spain. This may be because subsovereign bonds of these federations are internationally traded. By contrast, the coefficient for the United States is relatively small. This may be a result of the Muni market being relatively decoupled from international developments. The coefficient for India is negative, perhaps partly due to the fact that Indian state development loans cannot be traded outside the country. The disaggregate analysis shows that it is important to include time to maturity as technical control as it is found significant for Australia, Canada, and Spain.
Heterogeneity within federations: bailout expectations and capacity
Having established that sub-sovereign bond yield spreads tend to reflect fiscal and macroeconomic fundamentals regardless of the prevailing institutional arrangement at the federal level, we now turn to study the factors affecting the spread variation within federations. In order to analyse non-linearities in more detail, we employ the second part of our econometric framework, as described in section 4.2, and test our hypotheses about (i) the market's expectation that the centre may bail out a sub-sovereign when fundamentals deteriorate, and (ii) the impact of bailout capacity constraints set by the size of the sub-sovereign and borrowing conditions faced by the centre. Table 5 provides results on the effect of bailout expectations on spreads. Column I shows that relative economic size on its own is not a statistically significant determinant of sub-sovereign spreads.
i) Bailout expectations
However, this result does not hold when non-linearities are explicitly accounted for. This is shown in Column II, which adds the square of the debt/GDP ratio to the specification. The statistically significant and negative coefficient of this term indicates that a concave relationship exists between debt/GDP and sub-sovereign spreads. Sub-sovereign governments pay larger premia for increases in debt but sub-sovereigns with very high debt levels benefit from proportionally smaller increases in premia until the inflection point is reached, at which point spreads will fall as the debt ratio increases.
We interpret this as a sign for soft budget constraints: debt ratios above certain thresholds make the no-bailout commitment of the central government less credible. A similar finding was also highlighted by Sola and Palomba (2015) . Having controlled for the expectation of a federal bailout in this fashion, the coefficient on relative economic size becomes significantly positive. Larger sub-sovereign entities pay larger premia which further reinforces the conclusion that they may be "too big to be rescued".
In columns III and IV, we assess in more detail the source of non-linearities between fundamentals and spreads within fiscal federations. Column III controls for such a non-linear relationship through an interaction between debt/GDP and a dummy that takes the value of one if debt/GDP lies above the federation-specific median. This shows that sub-sovereign issuers with high debt levels do not generally enjoy lower spreads, which might suggest that soft budget constraints do not apply to every sub-sovereign equally. However, this result has to be interpreted with caution as the coefficient on the relative interaction term in column III is statistically insignificant. Only when an additional interaction between debt, the dummy variable and relative economic size is introduced, the pattern becomes in fact more clear (column IV). If debt ratios are low, a positive relationship between debt and spreads exists as bailouts are not expected and market discipline functions normally. This is reflected in a significantly positive coefficient on the debt ratio. At the same time, sub-sovereigns with debt/GDP ratios above federation medians pay lower premia the higher their debt level: the estimated coefficient on the interaction between debt and the dummy for high indebtedness is significantly negative. The larger the sub-sovereign entity, the smaller is the "benefit" on financial markets from having abovemedian debt levels ("too big to be rescued"). This can be seen from the fact that the coefficient on the ECB Working Paper 1987, December 2016triple interaction between debt/GDP, our threshold dummy, and the relative size of sub-sovereigns with a federation is positive and statistically significant. We conclude that soft budget constraints only apply to small sub-sovereign entities for which the central government or federation as a whole has the capacity to shoulder a bailout. Notes: System GMM estimation. Windmeijer-corrected robust standard errors are given in parentheses. Significance levels are given as follows: *** p<0.01, ** p<0.05, * p<0.1. The federal growth rate is used as external instrument. Internal instruments are derived from debt/GDP, deficit/GDP, GDP growth. Time to maturity controlled for. For federation-specific median levels of debt/GDP see Table 2 .
To illustrate the economic implications of our results, we project hypothetical spreads for a range of debt/GDP levels. Using the coefficient estimates reported in Table 5 , column IV, and setting the variables deficit/GDP, GDP growth, VIX, maturity and liquidity as well as the fixed effects to the sample averages, Figure 3 shows the evolution of the hypothetical spread for different values of debt/GDP. In this example, the debt/GDP threshold is set to 22 percent which corresponds to the median across German sub-sovereigns. Sub-sovereign governments of three different sizes are considered.
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Figure 3: The projected relationship between debt/GDP and spreads across sub-sovereigns of different size
Notes: projected sub-sovereign spreads are calculated using coefficient estimates reported in Table 5 , column III, setting all variables apart from debt/GDP and relative economic size at their overall sample average. The debt/GDP threshold (dummy I(high)) is set to 22%. Relative economic size is set to 3% in total GDP (small), 9% (medium), 15% (large). Figure 3 shows that according to our estimates, a relatively small sub-sovereign entity (solid line, share of 3 percent in federation GDP) pays a risk premium for increases in its debt/GDP ratio as long as this ratio lies below the debt threshold and market discipline functions. As the debt/GDP ratio of the small sub-sovereign exceeds the debt threshold of 22 percent, expectations of a federal bailout emerge and the positive relationship between debt/GDP and spreads breaks down. By contrast, a relatively large sub-sovereign entity (dotted line, share of 15 percent in federation GDP) pays moderately increasing risk premia as long as debt stays below the threshold. As its debt/GDP ratio exceeds the debt threshold however, the relationship between debt/GDP and spreads jumps up and turns slightly steeper. Financial markets scrutinise fundamentals more as no bailout is expected. For medium-size sub-sovereigns (dashed line, share of 9 percent in federation GDP) market discipline functions and the relationship between debt/GDP and spreads is positive and linear for any debt ratio. This simple example illustrates that non-linearities may well be explained by the interplay between the expectation of a bailout and the capacity of the centre to shoulder the relative cost.
ii) Bailout capacity
ECB Working Paper 1987, December 2016
To assess the role of bailout capacity in more detail and to demonstrate that our findings are not driven by our choice of a particular proxy variable, we now introduce an alternative specification in which the centre's bailout capacity is more directly related to its own creditworthiness. This is important because a central government with high creditworthiness may be in the position of bailing out most or all of its sub-sovereign entities, whereas one with a low credit standing could face challenges already in the case of relatively small sub-sovereign entities. In fact, we assume in this specification that the centre's bailout capacity may also be limited if the central government faces borrowing constraints as measured by its sovereign credit rating, its debt/GDP ratio or fiscal deficit. Notes: System GMM estimation. Windmeijer-corrected robust standard errors are given in parentheses. Significance levels are given as follows: *** p<0.01, ** p<0.05, * p<0.1. The federal growth rate is used as external instrument. Internal instruments are derived from debt/GDP, deficit/GDP, GDP growth. Time to maturity controlled for. The sovereign ratingbased sovereign risk measure is constructed by converting the average rating across the three main rating agencies into a linear scale and multiplying it by -1.
An interaction between debt/GDP and our ratings-based sovereign risk measure for the federal government exhibits a significantly positive coefficient. The coefficient on debt/GDP remains positive and statistically significant (Table 6 , column I). 12 Higher sub-sovereign debt levels are scrutinised more by financial markets if federal sovereign risk is high. The specification in column II of Table 6 approximates sovereign risk with central government debt/GDP. Confirming our results using credit ratings, we find that an increase in central government debt/GDP decreases its capacity to bailout, which more than proportionally increases risk premia for affected sub-sovereigns: the interaction between sub-sovereign debt/GDP and central government debt/GDP is positive and significant while the benchmark coefficient for sub-sovereign debt/GDP remains positive and statistically significant.
Similar findings are obtained for central government deficit/GDP as sovereign risk measure (column III).
Robustness checks
To confirm the robustness of our results to the chosen estimation strategy, we estimate our non-linear specifications for the expectation of a bailout and for the bailout capacity using the static version of our fixed effects-IV regression model. Table A6 in the Appendix reports results from static but otherwise equivalent specifications for bailout expectations. Results hold, albeit at lower levels of statistical significance. The economic size variable is found to be statistically significant and positive which confirms that larger sub-sovereigns pay larger premia ("too big to be rescued") while subsovereigns with more liquid bond markets benefit from lower liquidity premia. Table A7 in the Appendix confirms that our results on bailout capacity also hold when a simpler static fixed effects-IV estimator is used. Higher sovereign credit risk translates into higher risk premia for increases in subsovereign debt/GDP.
As a further robustness check, we re-estimate our model considering deficit/GDP as the fundamental variable whose effect on sub-sovereign spreads is allowed to vary with bailout expectations and capacity considerations. Tables A8a and A8b in the Appendix provide results on bailout expectation for deficit/GDP. While the non-linearity between deficit/GDP and spreads seems to be weaker than for debt/GDP (columns I), we find that in particular larger sub-sovereign entities pay increasing risk premia as their deficit ratios increase. This supports our findings on the role of bailout expectations for the pricing of sub-sovereign bond spreads. Interacting deficit/GDP with measures of sovereign risk confirms the findings we obtain for debt/GDP: the more sovereign creditworthiness deteriorates, the more are sub-sovereign governments scrutinised for larger fiscal deficits (Tables A9a and A9b in the   Appendix) .
For completeness, we also test for non-linear relationships between fiscal fundamentals and subsovereign spreads separately for each fiscal federation (Tables A10a and A10b in the Appendix) .
Again, we find that regardless of the prevailing fiscal framework, our core results hold. Even in the United States where strict no-bailout provisions apply, states with above-median debt levels benefit from lower premia unless they are large in terms of economic size (Table A10a) positive: market discipline seems to function only for larger sub-sovereigns with relatively high debt levels (Table A10a) .
Conclusion
In a novel panel dataset of sub-sovereign bond yield spreads, we exploit the variation of spreads across and within federations and over time. We find that differences in the institutional design of fiscal federations are reflected in spreads but not in a straightforward way. On aggregate, investors appear to price fiscal fundamentals -in particular the debt/GDP ratio -into bond yield spreads, with global risk aversion also playing an important role. Although different weights are put on the various fiscal fundamentals, the result holds across highly heterogeneous federal systems with different fiscal institutions and heterogeneous market expectations about eventual bailout provisions by the federal government. While we conclude that, on aggregate, market discipline operates, there are exceptions.
By allowing for heterogeneous effects of bailout expectations within federations, we find that for subsovereigns with very high levels of debt, the positive link between debt/GDP and sub-sovereign spreads breaks down. Our interpretation is that financial markets expect the central government, or federation as a whole, to provide bailouts when debt levels enter a "danger zone". However, the capacity of the centre to provide assistance should also be put into the picture. In fact, we find that beyond a certain debt threshold, larger sub-sovereigns pay higher premia for high levels of debt, whereas smaller sub-sovereigns pay lower spreads as their debt increases. From this, we infer that "too big to be rescued" considerations may be at play for larger sub-sovereign governments. Finally, we find that, if a federation as a whole faces borrowing constraints in the form of a low sovereign credit rating, high central government debt/GDP or high fiscal deficits, its bailout capacity is reduced. As a result, market discipline binds, and sub-sovereigns are scrutinised more as their fiscal fundamentals deteriorate. We conclude that the extent to which fiscal fundamentals are reflected in bond spreads depends on both the expectation of a federal bailout and the capacity of the centre, or federation as a whole, to provide assistance.
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